The objective of this study was to define the incidence of febrile morbidity and its causes in severe and critical ovarian hyperstimulation syndrome (OHSS). For this purpose, we reviewed the medical records of all OHSS patients hospitalized in 16 out of 19 tertiary medical centres in Israel between January 1987 and December 1996. Febrile morbidity was defined as at least one episode of temperature rise above 38°C lasting ജ24 h. A total of 2902 patients (3305 hospitalizations) with OHSS was identified, of whom 196 had severe, and 13 critical, OHSS. Among the 209 patients investigated the incidence of febrile morbidity was 82.3%, of which 20.5% was attributed to urinary tract infection, 3.8% to pneumonia, 3.3% to upper respiratory tract infection, 2.0% to intravenous line phlebitis, 1.0% to cellulitis at an abdominal puncture site, 1.0% to postoperative wound infections and 0.5% to gluteal abscess at the site of progesterone injection. Non-typical organisms were frequently isolated, such as Pseudomonas, Proteus, Klebsiella and Enterobacter species. No infectious aetiology was found in 105 patients (50.2%). Hypoglobulinaemia was recorded in most patients, while ascitic and pleural fluids aspirated from these patients contained high globulin concentrations. We conclude that infection-related febrile morbidity in severe and critical OHSS is high, and may be attributed to some degree of immunodeficiency associated with loss of plasma globulins to the third space. However, non-infection-related febrile morbidity is even higher and may be attributed to endogenous pyrogenic mechanisms.
Introduction
Ovarian hyperstimulation syndrome (OHSS) remains the most serious complication of ovulation induction. The characteristic features of OHSS are ovarian enlargement and extravascular fluid shifts, resulting in intravascular volume depletion (Schenker and Weinstein, 1978) . Based on its clinical presentation and laboratory findings, OHSS has been classified into four categories, namely mild, moderate, severe and critical (Schenker and Weinstein, 1978; Golan et al., 1989; Navot et al., 1992) . While milder forms are of only minimal clinical significance, severe OHSS is a life-threatening condition characterized by clinical and sonographic evidence of massive ascites or hydrothorax, as well as by breathing difficulties, increased blood viscosity, renal/hepatic dysfunction, or anasarca. Critical OHSS includes, in addition, overt renal failure, thromboembolic phenomena, tense ascites or adult respiratory distress syndrome (ARDS) (Navot et al., 1992) . The incidence and aetiology of febrile morbidity in severe and critical OHSS has not yet been reported. The present large-scale nationwide multicentre study aims at achieving this goal.
Materials and methods
The medical records of all OHSS patients hospitalized between January 1987 and December 1996 in 16 out of 19 tertiary medical centres in Israel were reviewed for this study. Data collection was performed by a single working team, composed of the authors of this article. Severe and critical cases were selected by virtue of the revised criteria proposed by Golan et al. (1989) and Navot et al. (1992) . Severe OHSS was defined if at any time during hospitalization either massive ascites or hydrothorax were recorded along with prominent dyspnoea, haemodynamic instability, oliguria (urine output Ͻ400 ml/24 h), anasarca or liver dysfunction (hepatocellular or cholestatic). If third spacing and ovarian enlargement were accompanied by either ARDS (severe hypexaemia of acute onset and bilateral diffuse opacities on a frontal chest radiograph when left atrial or pulmonary capillary hypertension have been excluded), acute renal failure (rapid decline in glomerular filtration rate, retention of nitrogenous waste products, and perturbation of extracellular fluid volume and electrolyte and acid-base homeostasis) or thromboembolic phenomena (deep venous thrombosis or pulmonary embolism), the diagnosis of critical OHSS was made.
Factors assessed were age, ovulation induction regimens, symptoms, interventions and febrile morbidity. The latter was defined as at least one episode of temperature rise above 38°C lasting ജ24 h. Data regarding febrile morbidity and its causes were obtained from patients' records, and relied on symptoms, physical examination and laboratory data such as blood counts, chest radiographs, urinalysis, throat swabs and sputum specimens. Positive infection was defined when suggestive symptoms and signs, physical examination findings and laboratory data were accompanied by positive cultures. When all criteria suggested an infection, but cultures were negative, probable infection was defined. When a viral aetiology was strongly suspected based on symptoms, physical examination and laboratory test results, a positive infection was defined, even in the absence of positive cultures. Also, in sites where cultures were frequently non-informative (such as in cases of cellulitis), positive cultures were not considered obligatory to define positive infection, provided that strong supportive clinical and laboratory data existed.
Albumin and globulin concentrations in the plasma, ascitic and pleural fluids were obtained from patients' records whenever available. 
Results
A total of 2902 patients (3305 hospitalizations) with OHSS was detected, of whom 196 had severe, and 13 had critical OHSS. Table I summarizes the general and fertility characteristics of the study population. Most were young (mean age 29.2 Ϯ 4.8 years), healthy, nulliparous or primiparous individuals. Some 78% underwent in-vitro fertilization (IVF) treatment, while 22% received ovulation induction treatment with human menopausal gonadotrophin (HMG), follicle stimulating hormone (FSH) or clomiphene citrate without undergoing IVF. Table II presents main signs and symptoms recorded in the study patients. Most common were haemoconcentration (95.2%), dyspnoea (92.3%) and gastrointestinal disturbances (53.6%). True ARDS, however, was recorded in only five patients who had critical OHSS. Renal dysfunction manifested by oliguria was reported in 62 (29.7%) patients, while renal failure appeared in only three (1.4%). Peripheral oedema was noted in 28 patients (13.4%), and thromboembolic phenomena in five (2.4%). Table III presents interventions performed in the study patients. Most (98.5%) required either abdominal, transvaginal or thoracic paracentesis for alleviation of dyspnoea or oliguria. It was not surprising that so many of these severe and critical OHSS patients underwent paracentesis, since 92.3% of them suffered from dyspnoea, 2.4% had ARDS and 29.7% had oliguria (Table II) . Urinary catheterization was performed in 162 (77.5%) patients, and central vein catheterization in 13 (6.1%). Two patients (1.0%) required therapeutic pregnancy termination, three (1.4%) underwent laparoscopy and eight (3.8%) underwent laparotomy on behalf of adnexal torsion or intra-abdominal haemorrhage. Twenty patients (9.6%) attended a respiratory intensive care unit (RICU), for an average of 4.9 days (Table II) . The overall hospitalization interval was 15.7 Ϯ 6.8 days. No deaths were reported. clinical nor laboratory evidence for infection were present, and cultures were negative. Among documented infections, most prevalent were urinary tract infections (UTI) accounting for 43 (20.5%) cases, of which 35 (16.7%) were positive and eight (3.8%) were probable infections. Causative organisms were Proteus mirabilis (34.3%), Klebsiella pneumoniae (20.0%), Pseudomonas aeruginosa (17.1%), Escherichia coli (11.4%), Morganella morganii (5.7%), Proteus vulgaris (5.7%) Staphylococcus aureus (2.9%) and Enterobacter cloacae (2.9%) ( Table V) . Among the 43 patients with UTI, 35 (81.4%) had undergone urinary catheterization prior to infection. Second most common were respiratory infections including pneumonia (positive infection, n ϭ 4; probable infection, n ϭ 4), and upper respiratory tract infections (URTI) (positive, n ϭ 3; probable, n ϭ 4). The latter included pharyngitis, tonsillitis, tracheitis and acute bronchitis. Causative organisms for pneumonia were Pseudomonas aeruginosa (one case), Klebsiella pneumonia (one), Staphylococcus aureus (one) and Streptococcus pneumoniae (one). The only organism isolated in URTI was β-haemolytic Group A Streptococcus, while the rest were diagnosed as viral infections. Intravenous line phlebitis accounted for four (2.0%) cases of febrile morbidity; Staphylococcus epidermidis and Pseudomonas aeruginosa were isolated in two of these cases. Cellulitis at the site of abdominal puncture occurred in two patients, with Staphylococcus aureus isolated in one. A gluteal abscess at the site of progesterone injection was recorded in one patient; however, no causative organisms were isolated. Two cases of postoperative wound infection were identified, one attributed to Staphylococcus epidermidis and the other to Pseudomonas aeruginosa. No cases of peritonitis or pleuritis following abdominal or Data regarding albumin and globulin concentrations in plasma, as well as in ascitic or pleural fluids, were available in 51 patients (Table VI) . Compared with normal values, the plasma concentrations of both albumin (26.6 Ϯ 7.6 g/l) and globulin (15.1 Ϯ 3.5 g/l) were remarkably low. Nonetheless, both ascitic and pleural fluids contained relatively high amounts of these proteins.
Discussion
Severe and critical OHSS remain formidable challenges for the gynaecologist and intensive care physician, despite considerable effort to elucidate their mechanism and control their outcome. This multicentre study has provided a substantial volume of data concerning the incidence and causes of infection and non-infection-related febrile morbidity in these patients. Patient selection and data collection from medical records were carried out by the present authors in order to assure validity of the results. Because this study involves a large and heterogeneous patient sample, its results can be generalized to clinical practice settings more readily than can those of many previous investigations.
Febrile morbidity among severe and critical OHSS patients was remarkably high, affecting 82.3% of all patients. However, an infectious aetiology was found in less than half the cases. Thus, it seems plausible that increased body temperature is an integral part of this syndrome, even in the absence of infection. We have recently suggested involvement of inflammatory cytokines (interleukins 1, 6, 8 and tumour necrosis factor; Abramov et al., 1996) , and vascular endothelial growth factor (Abramov et al., 1997) , in the pathophysiology of OHSS. These cytokines, which are also involved in the acute phase reaction, have strong pyrogenic effects. Ovarian prostaglandins have also been suggested as mediators of this syndrome and may also raise body temperature (Schenker and Polishuk, 1976) . Most patients received colloid solutions including plasma, albumin, dextran or Haemaccel®, all of which may cause hypersensitivity reactions and consequently hyperpyrexia. In this study, a hypersensitive reaction to plasma was most common (n ϭ 8), followed by dextran (n ϭ 3) and albumin (n ϭ 1). However, hyperpyrexia was documented in only four of these patients (three who received plasma and one who received dextran). Progestational drugs given to some of the study patients for luteal phase support may have had some influence on body temperature (Rutanen et al., 1993) . However, under normal circumstances these drugs can only rarely cause true hyperpyrexia (Ͼ38°C).
In cases where infection was proven, UTI was most common, followed by pneumonia, URTI, intravenous line phlebitis, cellulitis at an abdominal puncture site, gluteal abscess at the place of progesterone injection and postoperative wound infection. Causative organisms included atypical bacteria such as Proteus mirabilis, Proteus vulgaris, Klebsiella pneumoniae, Pseudomonas aeruginosa, Enterobacter cloacae and Morganella morganii, which infrequently cause primary disease in healthy individuals. These organisms generally cause hospital-acquired infections in debilitated or immune-compromised patients (Carpenter, 1990; Johnson and Ramphal, 1990; Schaberg et al., 1991; Chow et al., 1994; Govan, 1996) . Pseudomonas aeruginosa, for instance, has been associated with infections in hypogammaglobulinaemic patients (Govan, 1996) . In fact, we found significant hypoglobulinaemia in most patients with severe and critical OHSS. Conversely, high globulin concentrations were recorded in pleural and ascitic fluids aspirated from these patients. These findings imply that hypoglobulinaemia in OHSS patients results from leakage of globulins through either the ovarian vasculature, peritoneal or pleural surfaces into the third space. This may predispose OHSS patients to hospital-acquired infections caused by the above-mentioned organisms. Low plasma immunoglobulins have been reported in other protein-loss entities, such as nephrotic syndrome (Ogi et al., 1994) , proteinloss enteropathy (Heresbach et al., 1994) and systemic capillary leak syndrome (Kang et al., 1995) . In these abnormalities, hypogammaglobulinaemia accounts for the loss of lowmolecular weight immunoglobulins, such as IgA and IgG, through abnormally permeable capillaries in the urinary or gastrointestinal tracts. Both nephrotic syndrome and proteinloss enteropathy are associated with a high incidence of infections, and administration of exogenous immunoglobulins may decrease this incidence (Heresbach et al., 1994; Ogi et al., 1994) . Indeed, if this is the case in severe OHSS, administration of immunoglobulins to these patients may be beneficial in reducing infectious complications.
Certainly, invasive procedures and instrumentations such as intravenous and transurethral catheterizations, abdominal and thoracic paracentesis, laparoscopies and laparotomies, which are frequently performed in these patients, further increase the risk for infection. Urinary tract infections, for instance, were associated with urinary catheterization in 81.4% of the cases. This, as well as other invasive procedures, should therefore be avoided unless absolutely indicated. When invasive procedures are inevitable, adequate antibiotic prophylaxis should be given. Moreover, the avoidance of hospitalization in general should be seriously considered in non-critical OHSS cases in light of the high risk for hospital-acquired infections described in this article. Day-care management, as suggested 3131 by Shrivastav et al. (1994) , may be a reasonable alternative for this group of patients.
